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BU1EF REPORT: ABSENCE OF INTACT ne/ 
SEQUENCES IN A LONG-TERM SURVIVOR 
WITH NONPROGRESSIVE HIV- 1 INFECTION 

FkaNK Kiuchhoi i\ Ph.D., 
Thomas C. Giut.xolcii, M.D.. 
Douf.kn B. BKK'ITl.KR. M.D., 
John L.. Si. i.livax, M.D., 
and Ron Ai.n C. Di.mu jsikks, Ph.D. 

ALTHOUGH disease develops within 10 years in 
^ most persons infected with human imnuinocleli- 
denev virus type I (HIV- 1), some remain symptom- 
free for prolonged periods. 1 ' Must long-term asympto- 
matic survivors ol" HIV- 1 infection still have ev idence of 
disease progression in the form of declining CD-I 4- 
lymphocyte concentrations. However, some rare per- 
sons not only arc asymptomatic hut also maintain 
stahle levels of CD-It lymphocytes in ihe normal or 
near-normal range. Although ihe definition of nonpro- 
gression may vary, approximately 5 percent ol seropos- 
itive persons have shown no HIV-related disease or de- 
clines in CDIt cell counts despite 10 or more years of 
documented HIV- 1 infection.- Studying persons with 
long-term nonprogressive infection may help us to un- 
derstand the mechanisms by which HIV- 1 can he con- 
trolled. 

Viral factors, host factors, or both may account for 
i he absence of progression, at least in some persons. 
Host factors may include the inherent susceptibility of 
a person's cells to HIV-1 replication* or an HLA-deter- 
mined ability to mount an adequate immune re- 
sponse.' ' Since most HIV- 1 infections appear to result 
from only one or a* few infectious vira! particles,'' 7 we 
reasoned that a partially defective or attenuated strain 
of HIV- 1 may be all that is transmitted in some cases. 
We focused our initial studies on the HIV- 1 auxiliary 
gene called ne/'. This gene is not required for viral rep- 
lication in cell culture, but ne/"\s required in simian im- 
munodeficiency virus (SIV) for the development of ac- 
quired immunodeficiency syndrome (AIDS) in rhesus 
monkeys." The function of nef has not been clearly de- 
lined. 

We amplified HIV-1 /if/" sequences from live patients 
with long-term nonprogressive HIV-1 infection. In one 
patient all 34 positive reactions from blood samples ob- 
tained over a decade yielded only defective forms of nef 
The clinical and virologic characteristics of the HIV- 1 
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infection in this man are strikingly similar to ihe char- 
acteristics of infection in rhesus monkeys with a strain 
of SIV missing nef. These results indicate that infection 
with attenuated forms of HIV-1 contributes to the ab- 
sence of disease progression in some persons. They also 
prov ide further justification for considering the use of 
HIV- 1 mutants with deletions as live attenuated vac- 
cines. 

Methods 

DNA Analysis 

He amplified HIV- 1 DNA sequences spanning ntj die poly- 

merase chain react iim (PCK). using nested primers as drsct ibed else- 
where.* except thai H 1 V- 1 -specific primers wi.-re used. The oligonu- 
cleotides used as primers wen* selected on the basis ol their hi»h level 
nl 'sequence homology wiih nx^i HIV-l isolates in the Los Alamos 
data base.'" The first round ol amplification involved primers corre- 
sponding it» utielciH iclcs lil>7.) through MiiOh* ami OdJIJ through 9.)07 
of XL43 1 " (yGCAGVACCTCAGGGGACAGATACGr .uul j'CC- 
AGTACAGCCAAAAAGCAGCTGCj'). lor the second nmnfl of 
amplification. .5 ,til <tf (lie UIO-jiI reaction mixture was used with prim- 
ers cm responding (o nucleotides lit through H7li'J and 9 t.il 
through 94j9 (VGGACAGAAlTCCAACAATAAGAf :AG( VY ami 
j'CC.\CCCCA.AlTCTCCCTCG.V\.AGTCC:C::i'). 

Tlu- sequences presented in this report have hern Mthnutred to 
Gen Bank (accession tuimhcis Ul/l'JH to L- 1 74 72). 

Patients 

Ulood samples were obtained from patients followed h\ die New 
England Area Comprehensive Hemophilia Center at tin- Medical 
Center of Central Massachusetts, Memorial Hospital. W.ircenier. 
This cohort has been monitored since 19H'»-;is part * »l a pn»spi -i live 
siudv of immunorcgulaiory defects in hemophilia." All participants 
have given informed consent. Most arc seropositive I'm HIV-1 .uul 
were infected before lOrfJ through infusions with contaminated far- 
tor VIII concentrates. Lymphocyte subgroups were counted during 
1991 and 1992 to determine whether there was disease progression 
in patients followed since I9H4 or earlier. Patients were considered to 
have nonprogressive HIV-l infection if they remained asymptomatic 
without ever having received antiretroviral therapy and if ihey had a 
GI3-1+ lymphocyte count of more than 100 per cubic uultimeier and 
more than al) percent of total T cells or a count of moi than MHJ per 
cubic millimeter irrespective of the percentage of GUI- lympho- 
cytes. Seven patients met these criteria. Patients were i;on.%idi'rrd to 
have progressive infection if they had a C.04 + lymphocyte count of 
less than "200 per cubic millimeter and less than 'JO percent of total 
T cells or of" less than 1 00 per cubic millimeter ic 'respect i\ e ol the 
percentage of CD4 4- lymphocytes. Seventy-two patients met these 
criteria^ patients who had died of HIV-related causes were also in- 
cluded in this category. Forty patients who did not meei the criteria 
for either of these categories were considered to have slowly progres- 
sive infection. 

Case Report 

Patient I is a 14-ycar-old man with severe hemophilia A. He was 
exposed to HIV-l through infusion of contaminated factor VIII con- 
centrates before I9H3 and has been consistently HIV-l -positive on 
Western blotting since fust being tested in I9H1L He has used recom- 
binant factor VIII (Kogcnatc. Miles, West Haven. Conn.) twice a 
week .since August 19118. The most recent physical examination was 
notable only lor hemophilic arthropathy. Serologic tests are positive 
fur hepatitis II surface antibody, cytomegalovirus antibodies, uul 
hepatitis C antibodies. Aspartate aminotransferase and alanine ami- 
notransferase levels have been elevated intermitietu ly. bin other 
chemical and hematologic laboratory values have remained unre- 
markable. Lvmphocyte surface markers have been evaluated annual- 
ly. CD4+ lymphocyte counts have: remained stable and are" only 
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Results 

DNA was prepared from pcriphcral-blood mononu- 
clear cells (I BMC) obtained in 1993 from five of the 
patients with nonprogressive HIV- 1 infection, and se- 
quences spanning the nej gene were amplified bv PGR 
full-length iw/ sequences overwhelmingly predominat- 
ed in lour ol the live patients. All positive PCR ampli- 
ations (33 of 33) from these four patients yielded a 
lull-length fragment corresponding to the wild-evpe 
strain by gel analysis, and 23 of 2fi DMA sequences 
/rem these Jj positive reactions had an intact ne/ oocn 
reading Irame; 3 had deletions of a single base pair 
(bp) (data not shown). Others have previously shown 
chat lull-length/^ genes predominate in HIV- 1 - infect- 
ed persons with evidence Of disease progression 

. ° >M !!;!" l ;; ,nly li,rrns o{ ''"f/"M) deletions were detect- 
ed in 1 13 MC obtained from Patient I in 1993 (Fie 9 
and 3). v b ' " 

, Fr< M;^ P , l rw C that had bccn »'>«»in«l "on, Patient 
I ... 9HJ I9H6. and 1989 were used to prepare acldi- 
"»":>! OiNA samples lor PCR amplilieation; 7H PCR 
amplications were performed with PBMC obtained in 
I9M3, I9H(J. I9H9, and 199:5. Despite the use of a sensi- 
tive, nested PCR procedure.'' onlv U of 7H PGR ampli- 
fications yielded viral DNA when 2.5 fig of PBMC DNA 
uas used per reaction tube. This result suggests that 

r Jlw a VCry low Viral DlN ' A hu ^en- Measure- 
ment of HIV- 1 gag DNA in PBMC by a different quali- 
tative method" indicated the presence of approxi- 
mate y I viral DNA copy per 100.001) PBMC. This level 
was 0 to 3300 times lower than the level in PBMC 

m r?,'x S '? PatiCmS U ' th P r '»tfrc M ii- c or slowlv pro- 
gressive HIV- 1 infection, which were evaluated by the 
•same procedure around the same time. All 34 of the 
positive PGR results Horn Patient I yielded fragments 
shorter than that of full-length nef (Fig 2) 

D.N'A sequences were derived from clones obtained 
Im.n the 34 positive PCR amplifications (Fig. 3). A sin- 
gle DNA fragment was observed by gel analvsis in 33 
o the positive reactions, and a single clone from each 
nl these was used for sequencing. One of the reactions 
u,th the sample obtained in 1 9»fi vielded two fra.r- 
mcnts (Pig. 2), and single clones representing each of 
Che iw, sizes were used lor sequencing (HfiFl and H6P> 

,'h A ° f clt:lctio »s were observed among 

the d, erent clones (Fig. 3). The predominant deletion 
«ns 1 Mi bp m length and was located in the n^unique 
portion from nucleotides BHM7 to 9004. This deletion 
remov es a highly conserved acidic domain and a highly 
conserved (Pxx), motif and places downstream se- 
quences out ol frame. Although a number of deletions 
"ere present m the region of nej that overlaps U3 in the 
long terminal repeat, none of the deletions affected cis- 
acting sequences known to be critical for viral replica- 
tion — spec.l.cally. the polypurine tract. Uli terminal 
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-O— Patient 1 

— HIV- 1 -seronegative (n = 25) 
- Nonprogressive infection (n = 7) 
Slowly progressive infection (n = -40) 
Progressive infection (n = 31) 
Death from Hlv-related cause (n = 4 \ ) 
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F p^nl< t Me ,H n J ^ SE * C ? D4 ^ ^Phocyte Counts in a Cohon of 
Patterns with Hemophilia According to Their HlV-i Status and 
Rate of Disease Progression. 
The CD4-H lymphocyte counts for Patient 1 are shown 
separately. 

sequences TATAA box, and NFkB and Sp-I binding 
sites (Fig. J). Long deletions in U3 seemed to accum." 
late over time in Patient I onlv after I91J3 (Fig 3) 

Attempts to recover HIV- 1 from blood samples from 
Patient I have been repeatedly unsuccessful. Isolaiion 
oiitT/? 1 * l'T indl,tll:tl tl,c <'f serial dilutions of 
1 BMC, whole blood, and plasma and bulk cultures or 
5 million to 10 million PBMC cultivated with phvtohe- 
magglutimn-stimulatcd donor PBMC. Antigen-capture 
assays for p24 in plasma with immune-complex disso- 
ciation (Coulter Immunology, Hialeah, Fla.) have all 
been negative. Serum samples obtained in 1985 and 
plasma samples obtained in 1994 were negative for an- 
tibodies to HIV-1 ner protein by Western blotting at all 
dilutions tested (1:100 to 1:100,000); a pool of HIV-I- 
posmve serum was positive for antibodies to nef protein 
in the same assayjoa dilutioo-dL.l : 10,000. Serum from 
five other patients with progressive HIV- 1 infection was 
also examined, and all live were found to have antibod- 
ies reactive to nef. ^-specific cytotoxic T lympho- 
cytes, measured by limiting dilution assays as described 
Previously^ were present at frequencies oV 69 to I bo per 
million PBMC m freshly isolated, unstimulated sam- 
ples obtained from Pa.ieu, I a, three points be.ween 
November 1991 and March 1994. F.nv (IIIB)-specilic 
cytotoxic T lymphocytes have also been demonstra.ed 
at similar levels. Cytotoxic T-lymphocv.e precursors ' 
specific lor nel were no, demonstrable in an assav in 
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Figure 2. Analysis of net Sequences in PBMC Obtained from Patieni 1 in 1983 1986 1989 and 1993 

nf N p A RMr nM n i S , deflVed ?h V PCR WGre s K epara,ed b * electrophoresis through 1.5 percent agarose gels' Lane 1 shows the PCR product 
of PBMC DNA Irom another pat.ent with long-term nonprogressive HIV-i infection, which was used as a control (C)- iane 2 ! shows the 
size marker (M), a ^^i^BCO BflL); and lanes 3 through 17 show the products of individual PCR am^tonlttl^V™ 
PBMC obtained from Pat.ent 1 . The arrows indicate the position of the full-sized net fragment. 



which o n u ;mc | nw cytotoxic T-lymphocyte precursors 
were measured at frequencies of approximately 300 per 
million PBMC with nonspecific stimulation in vitro/ 
I he persistence of antibodies and cyioioxie T-lvmpho- 
cyte activiry and tn\^icc~umulaiion of additional dele- 
tions with lime in the region ol' ncj that overlaps U3 
argue for the continued presence of replication-compe- 
tent HIV- 1- albeit at very low levels, in Patient I. 

Discussion 

Rhesus monkeys inoculated with a derivative of the 
pathogenic SIVmac239 clone containing a IK'2-bp dele- 
tion in nef became infected and persistently antibody- 
positive. However, they had eMremely low viral bur- 
dens, normal GD4 + lymphocyte concentrations, and 
no signs uf disease progression: 1 "" ■* These characteris- 
tics are strikingly similar to the course of infection in 
Patient I. In these monkeys, additional deletions accu- 
mulate over time in the region of nef that ov erlaps U3, 
without affecting the critical m-acting sequences." This 
is also remarkably similar to the pattern described for 
Patient I and illustrated in Figure 3. The /if/" sequences 
thai overlap L"3 are apparently not advantageous to the 
virus in the absence of an intact /if/ gene and are selec- 
tively lost. 

Most HIV- 1 -positive persons with hemophilia be- 
came infected in the early IfJHOs, before the advent of 
effective blood screening. Since Patient I was HIV-I- 
posiiive when lirst tested in M»M3, we cannot be certain 
that he was infected initially with only //f/de fee live 
HIV-I. However, the marked disadvantage of SIV and 
HIV variants with nej mutations in vivo in animal mod- 
els strongly suggests that this is the case. Strains of SIV 



with mutated forms of nef are strongly selected against 
in infected monkeys." In addition, HIV-I variants with 
mutations in nef are at a disadvantage as compared 
with the wild-type strain in mice with severe combined 
immunodeficiency that have been given human Ivmph- 
oid cells'" and in experimentally infected chimpanzees 
(unpublished data). At the very ieast, defective forms of 
/if/* with deletions have vastly predominated in Patient 
I since [9o*3, and he has had no disease progression. It 
is possible that there are additional defects elsewhere 
in the HIV-I genome in this patient that could contrib- 
ute to the attenuated phenotype. Our observations 
should stimulate additional investigations into the ex- 
tent to which infection with partially defective viruses 
may correlate with the absence of disease progression. 

In this report, we describe a particular HIV- 1 -gene 
defect associated with the absence of disease progres- 
sion in a single patient. Our results, and those of 
Huang et al., 1 * suggest that deletions in /if/' may not be 
a common explanation for the absence of progression 
and that different factors are likely to contribute in oth- 
er patients. Viral factors that could contribute include 
different types of mutations in a wide variety of viral 
genetic elements. Viral and host factors cannot be dis- 
sociated from each other, since an effective immune re- 
sponse is an essential feature of nonprogression. Dis- 
ease outcome is likely lo be determined by a deticaie 
balance between the ability of the virus io replicate and 
the host's ability to mount an adequate immune re- 
sponse. 

Rhesus monkeys infected with SIV with /if/ deletions 
are strongly protected against challenge with wild- 
type, pathogenic SIV, ,; * and it has been suggested that 
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Positive PCR results: 6 ol 23 
Size of deletion: 118-176 bp 
Average size: 137 bp 
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Positive PCR results: 15 of 23* 
Size of deletion: 1 18-404 bp 
Average size: 286 bp 
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Positive PCR results: 9 ol 16 
Size of delation: 149-442 bp 
Average size; 309 bp 



1993 

Positive PCR results: 4 of 16 
Size of deletion: 332-442 bp 
Average size: 389 bp 
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ScQUENCE AFr<=CT~0 

8887-9004 
8887-9004 

8822-8855. 8887-9004. 9094-91 17 
8887-9004. 9268-9308 
8887-9004. 9231-9236 
8887-9004,9231-9236 



8887-9004, 

8887-9004. 

8887-9004. 

8887-9004, 

8887-9004. 

8887-9004. 

8833-9017. 

8833-9004 

8887-9004. 

8833-9004 

8859-8873. 

8887-9004, 

8887-9004. 

8887-9004. 

8887-9004 

8887-9004. 



, 91 19-9322 
91 19-9322 
9t 19-9322 
9 11 9-9322 
9 t 19-9322 
91 19-9322 

9094-9108. 91 19-9322 
9119-9322 

8887-9004. 91 19-9322 
91 19-9322. 9349-9360 
9 11 9-9322 
9383-9389 

91 19-9322. 9349-9360 



8887-9004. 91 19-9322 
8887-9004, 9104-9157, 9219-9258 
8856-9035 

881 1-9004. 9090-9102, 91 19-9322 
8887-9004, 9104-9157 
8887-9004. 9l 19-9326 
881 1-9035. 9090-9102, 91 19-9322 
881 1-9035, 9090-9102. 91 19-9322 
8887-9004. 9103-9258 

8887-9004. 9109-9322 
8859-8873. 8887-9004. 91 19-9322 
881 1-9035. 9090-9102. 91 19-9322 
881 t-9035. 9090-9102. 91 19-9322 



Figure 3. Location of ne/-Sequence Deletions in PBrvlC Obtained from Patient 1 in 
1983. 1986, 1989. and 1993. 

The nucleotide numbers refer to those of the NL43 clone of HIV-1.'" In the diagram the arrows indicate the locations of oligonucleotides 
used to amplify vtral DNA. The asterisk indicates that one PCR produced two separate clones 

(Fl and F2) of different sizes. 
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derivatives of HIV- 1 u-ith multiple deletions should he 
considered lor ,,sc as live attenuated vaccines '■' , " u: ' 
Concern lor safely is .he key factor limiting further de- 
v.-lopment ol this promising approach. However, ii 
should he remembered that disease progression is not 
an inevitable outcome of lentivirus infections. African 
q;n.cn monkeys and sooty mangabev monkevs harbor- 
in?,' che.r uwn SIV remain infected apparently for 
h e, but do not .seem to have active disease. Strains of 
■51V Iron, these species are ccrtainlv capable of caus- 
ing ih.sca.se, because they do so in other hosts: Similar- 
ly, chimpanzees inlected with wild-tvpe HrV-l and 
macaques infected with mutant strains or StV remain 
inlected but asymptomatic."-*--*' The immunologic re- 
sponses ol these species appear to be sufficient to con- 
irnl these lent.v.ral infections. By deleting portions of 
ntj or other genetic elements, the balance of power mav 
simply shil, in favor of the host's immune response 
The hncling ol only HIV- 1 variants with deletions in 
a healthy man with long-term nonprogressive HP/-I 
mlection provides additional impetus for consideration 
ol this vaccine approach. 

UV ;„-.■ hul.-l,,,-,! ,„ K. IK T „ M . o. C,. la „ : ,lc. U. Hlnis. I-. Br.-»-„rr 
I.. bi. mhi l.N- «.-ch.,ical assis.ancr: ■.. A. Knhn, an,i 
li ii- Ii -hili'l '"--'"""K *•«"■«'">«««•■ «!>.■ «Jl i .h..n,.i.M,: „. I'aul Johnson 
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